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Presenter
Presentation Notes
Introduction/Identification:

Manager of the Emission Inventory Analysis Section, in the Planning & Technical Support Division



Section Background:

Mission of the section has changed in recent times since the arrival of AB 32: in short, our mission is to develop and maintain the State’s GHG inventory.  The section has also begun to work collaboratively with non-profit organizations, including the California Climate Registry, to develop GHG reporting and project protocols.







2

Overview

• Background on California’s GHG emissions inventory and 
development process

• Current forest sector portion of the ARB statewide GHG 
inventory

• Review methods used to date

• Identify issues and areas for improvement

• Linkages, other issues, opportunities, next steps

Presenter
Presentation Notes
Overview of presentation:  higher-level summary followed by detailed presentation on how the current forestry GHG inventory was constructed.



To place the details on the forestry inventory in context, I’ll provide a very brief background on ARB’s GHG inventory and how it was developed.  I’ll then provide a brief overview of the forestry sector inventory.



Klaus Scott, the GHG inventory group’s lead staff for estimating forestry emissions and CO2 removal, will discuss more details about the methods and data sources we are currently using for the GHG emissions inventory and identify areas for improvement in the future inventories the ARB develops as well as next steps in working collaboratively with state, federal, and other organizations.
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California’s GHG Emissions Inventory

• Includes emissions of six Kyoto gases (CO2, CH4, N2O, PFCs, 
HFCs, and SF6)

• Expressed in carbon dioxide equivalents (CO2e)

• Uses IPCC Second Assessment Report Global Warming 
Potentials

• Includes estimate of statewide “sinks” (removal of atmospheric 
CO2)

• ARB’s GHG Inventory: 
http://www.arb.ca.gov/cc/inventory/data/data.htm

Presenter
Presentation Notes
What comprises the ARB’s GHG emissions inventory?



The inventory reflects the anthropogenic sources of GHGs as well as the removals of CO2 from the atmosphere.  The six GHGs accounted for in the inventory are those specifically called out in AB 32: CO2, CH4, N2O, and several classes of high-GWP gases.



Emissions are expressed in terms of CO2 equivalents, which is a way to index all the GHGs to CO2 with respect to their warming influence on the atmosphere.



We use the IPCC’s second assessment report values for GWPs; they are the ones currently referenced in the Kyoto Protocol and are used widely by nations reporting their inventories under the United Nations Framework Convention on Climate Change.



As mentioned, the inventory includes an estimate of atmospheric removals of CO2.



(Inventory location on website)
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Emissions Inventory Development

• Statutory requirement (AB 1803)

• Began with Energy Commission estimates

• Improved data inputs and estimation methods where available

• Consistency with International Guidelines for GHG inventories

• AB 32 Requirement
– ARB to determine 1990 statewide GHG level
– Approve a 2020 emissions limit equivalent to the 1990 level 

(December 2007)

Presenter
Presentation Notes
Inventory development:



AB 1803, passed by the Legislature and signed by the Governor in 2006, gave ARB as of January 1, 2007, the responsibility for updating and maintaining the GHG inventory that had  formerly been maintained and updated by the CEC.



Began with CEC’s inventory estimates.



Rigorous review and update of categories where improved activity data were available.



Objective was to maintain consistency in approach with international guidance in inventory development.



AB 32: 1990 statewide level & 2020 limit.





5

Current statewide forest sector GHG inventory

• Emissions and removals of CO2

• Emissions of CH4, N2O

• Approach: GHG flux estimation associated with biomass change

• Methods: remote sensing change detection, ground data, 
literature

• “Core” forest analysis: 1994-2000

• Three Northern California project areas (84% forest lands, 42% 
rangelands statewide): results scaled to statewide

• CO2 removals and GHG emissions backcast to 1990; forecast 
to 2004

Presenter
Presentation Notes
What the current forest sector GHG inventory contains:



inventory for the forest sector tracks both removal of atmospheric CO2 and emissions of GHGs [consistent with IPCC guidelines for “Agriculture, Forestry and Other Land Use” (formerly “LULUCF”)]



Forest s are a portion of the larger IPCC category called LULUCF (now AFOLU),

Which assesses GHG emissions and sinks resulting from changes in landuse/landcover.  This category is the only one where CO2 removals from the atmosphere occur (due to photosynthesis).



Approach estimates exchange of CO2 and other GHGs between the atmosphere, forests, and wood products.



Method to date is a GIS-based analysis using FRAP RS data, coupled with ground-based data, and forest biomass relationships published in literature.



The “heart” of the inventory is an analysis of 3 project areas in northern California for the period 1994 – 2000, with results scaled to state-wide.



CO2 removals and GHG emissions for years beyond the  analysis period were extrapolated based on forest land area trends.



The forest sector inventory (flux accounting) includes estimates of GHG emissions from the decomposition of wood products in landfills and composting facilities.



Forest sector net CO2 flux, and emissions of methane and N2O, are assimilated into the statewide inventory.



Statewide aggregate (all sectors) emissions for 1990 defined the statewide aggregate 2020 target.



NOTE: Inventory can be updated to reflect new/better data.
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Inventory of land-atmosphere GHG exchange
Atmospheric Flow Approach (IPCC 2006)

http://www.ipcc-nggip.iges.or.jp

Removals of CO2 from atmosphere
Emissions of CO2 to atmosphere

Net CO2 flux estimate
Emissions of CH4, N2O to atmosphere

Atmospheric CO2 Removals: Vegetation growth

Emissions by process:

Fire (wild and prescribed)
Slash decomposition
fuel wood combustion

Other disturbance
landfilled, composted wood products

Attributes of forest sector GHG inventory

Presenter
Presentation Notes
The forest sector GHG inventory is an inventory of GHG exchange between the land and the atmosphere. It is not an inventory of carbon stocks, nor is it an accounting scheme for trading carbon credits.



The major features of the forest sector inventory is that it tracks removals of CO2 from the atmosphere, emissions of CO2 to the atmosphere by process, and evaluates the sector’s Net Flux of CO2.  Non-CO2 GHG emissions by process are also estimated and reported.



In order to track and report where and when emissions to the atmosphere, and removals from the atmosphere occur, ARB has adapted an IPCC methodology called the Atmospheric Flow Approach.



For the sector, removals of CO2 from the atmosphere occur as the result of vegetation growth.



A variety of processes in the forest sector drive CO2 emissions to the atmosphere.  These include emissions resulting from the oxidation of timber harvest slash, fuel wood, landfilled and composted wood products consumed in the state; biomass consumed in wildland fires, and emissions from other land disturbances.
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Core analysis

Baseline Greenhouse Gas Emissions for Forest, Range, and Agricultural 
Lands in California. CEC PIER final report CEC-500-04-069F

 
http://www.energy.ca.gov/pier/project_reports/500-04-069.html

 Biomass changes and corresponding CO2 removals/GHG emissions 
estimated for 1994 -

 

2000 for 3 project areas in northern CA 

biomass by Smith et al. (2003) cover type, canopy closure class

 
biomass change: fire, harvest, regrowth, development, other/unverified

 CDF-FRAP remote sensing products

 
(MSLCD, LCMMP change detection, cause of change)

Presenter
Presentation Notes
“Core” of the inventory is an analysis performed by Winrock International under a CEC PIER program contract, published in 2004.



Analysis estimated atmospheric CO2 removal and GHG emissions associated with estimated changes in biomass in a study region, period 1994-2000



This was a GIS-based analysis used remote sensing products from the CDF-FRAP LCMMP…

Multi-Source Land Cover Data (MSLCD) (initial condition canopy cover, carbon stocks)

LCMMP later year change detection map (canopy cover, carbon stocks at later year)

LCMMP cause-of-change map (ground survey/ground truth)

…and derived empirical relationships between % canopy cover and biomass values reported for forest types in literature



Biomass was inferred from tree canopy cover and cover type, and changes in biomass were inferred from changes in tree canopy cover.



5 biomass change processes were identified. Emissions were associated with fire, harvest (slash oxidation), development, other disturbance. CO2 uptake was associated with re-growth.



Biomass for mature stands (saturation canopy cover):

FIA data by cover type and published literature (Smith 2003, Birdsey & Lewis 2002).
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Core analysis, con’d

Biomass pools

 above/below ground live tree

 
understory vegetation, shrubs, grass

 
standing/down dead biomass, litter

 
(soils omitted)

 39 WHR classes cross-walked to 8 Smith et al. (2003) cover types,

 
5 canopy closure classes

 canopy cover change          biomass change          emission/removal

 
undetected (saturation canopy): biomass, growth rates by cover type

 
(Birdsey

 

and Lewis 2002)

 study region CO2 removals/GHG emissions extrapolated to statewide

Presenter
Presentation Notes
For 8 Smith (2004) cover types and 5 canopy closure classes, biomass pools were estimated for:

above/below ground live tree biomass

understory vegetation, shrubs, grass

standing/down dead biomass, litter



The 8 cover types were a crosswalk from 39 WHR cover types.



Processes associated with differences in biomass between census years were used to estimate either CO2 removal (in the case of vegetation growth) or GHG emission (such as due to fire).



For areas where no change was detected, growth rates were assigned.



CO2 removals and GHG emissions for the study region and period were extrapolated to statewide
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Census 1 FIRE Census 2

Carbon in Not Severely Live
Forests / Damaged Vegetation

Woodlands

Volatilized

Soot Soot

Charcoal Charcoal

Dead Wood Dead Wood

Decomposed /
Oxidized

Figure 1. Flow diagram of carbon fate after fire. Adapted from 
Figure 1-5 in CEC (2004).

Presenter
Presentation Notes
This is an example of how GHG emissions were estimated for fires.



Biomass is estimated in the two different census years.  Fire re-apportions biomass carbon into volatilized and unvolatized pools, depending on fire severity.



CO2, CH4 and N2O emissions were estimated for the biomass portion volatilized by fire.
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Forest GHG inventory:
 back-cast to 1990, forecast to 2004
 

http://www.energy.ca.gov/2006publications/cec-600-2006-013/cec-600-2006-013-sf.pdf

“shrinking forest land base”

 

scaling approach (≠

 

forest modeling)

 Back-cast from 1994 to 1990:

 
Applied -0.1707%/yr factor to GHG emissions and CO2 removals

 
Source: -7% forest land area decline 1953 -

 

1994

 
Shih (1998) The Land Base of California’s Forests. CDF-FRAP.

 Forecast from 2000 to 2004:

 
Applied -0.0755%/yr factor to GHG emissions and CO2 removals

 
Source: 4% timberland area decline projected 1997 –

 

2050

 
for Pacific Coast Region

 
USDA-FS (2004) PNW-GTR-613

Presenter
Presentation Notes
For the years prior to 1994 and after 2000, emissions and removals were back-cast and forecast using scaling factors based on forest land area trends reported in 2 documents.



Scaling approach assumes that forest growth, fire, harvest, or other processes represented in the 1994-2000 analysis period occur with same frequency at other times.



These assumptions are weak for several reasons. For example:

Forest harvests are driven or constrained by changing economic and regulatory forces

Fire frequency and type varies with climate forcing of various durations/scales and human factors

Forest tree growth varies with climate forcing, disturbance regimes etc

Forest management is not static
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ARB forest sector GHG inventory: wood products

Wood products at end-of-use: landfills and composting

 Developed CO2, CH4

 

emission estimates from product decomposition

 CIWMB wood product waste data, IPCC O(1) decay model 

Presenter
Presentation Notes
ARB’s forest sector GHG inventory includes estimates of GHG emissions from decomposing wood products.



Atmospheric CO2 absorbed by forests and subsequently bound as carbon in woody tissue can persist for many years without emitting GHGs.



Wood products made from forest biomass represent a large pool of carbon, and some products persist for many years without emitting GHGs.



However, wood products disposed at the end of their useful life can undergo processes which generate GHG emissions.



When buried in landfills, a fraction of the wood decomposes, generating CO2 and methane.  Composting on the other hand generates little methane.



Using CIWMB data on wood product types and tonnages entering landfills in the state, ARB used a landfill first-order decay model to estimate CO2 and methane generation from wood decomposition. Modeled landfill emissions account for gas collection systems and flaring.



CO2 emissions are reported in the forest sector, whereas methane emissions are reported in the Waste sector (because methane is artifact of landfill).
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1990 Net CO2 Flux (MMTCO2) = Emissions + Sinks: 7.55 + -14.25 = -6.69

ATMOSPHERE

-14.25 3.26 0.16 1.53 0.00 2.35 0.26
CO2 removal **CO2 emission

LAND

decomposition,
combustion combustion decomposition decomposition, decomposition

fire, other disturbance slash combustion
fuel

wood
Forest cut or damaged wood landfill compost
Lands vegetation mill waste HWP HWP
without harvest process dumps in leaving

extracted use use
HWP

Harvested
Wood

Products
(HWP) recycled

State boundary

cross-border cross-border
HWP carbon exports HWP carbon imports

Other cross-border
carbon transfers

All Emissions & Sinks in 1990 MMTCO2 - Biodegradable Carbon Only, No Fossil Fuel CO2

http://www.arb.ca.gov/cc/inventory/data/tables/net_co2_flux_2007-11-19.pdf

Atmospheric Flow Approach to CO2 flux

Presenter
Presentation Notes
The figure is a schematic diagram of the Atmospheric Flow Approach to tracking land-atmosphere CO2 exchange in the forest sector.



Transfers between the land and the atmosphere are gases.  Boxes on the land are carbon pools.



“Sideways” transfers between land pools are in carbon (not gases).



The LHS of the diagram shows forest CO2 uptake (arrow going in), while the other arrows show CO2 emissions by process.



Pathway from “harvest” to “slash” decomp/combust, “fuel wood” combustion, “wood waste dumps” is from Winrock study.



Emissions from “landfill” and “compost” developed by ARB.



15

Canopy cover change detection threshold insensitive

 “many to one”

 

forest cover type classification crosswalks

 
from WHR to Smith et al. (2003)

 limited use of FIA

 
(California FIA issues: PNW-GTR-750)

 empirical regression equations relating canopy cover class to biomass

 soil GHGs

 extrapolation from regional to statewide

 back-cast and forecast

Forest GHG inventory issues

Presenter
Presentation Notes
ARB review and comments from other reviewers identified a number of issues concerning the approach taken in the regional study.



Analysis limitation to 3 norcal regions due to data availability



Couple of aspects which make technique “coarse”:

(1) RS issue: Canopy cover change detection threshold (15%) is coarse

	only relatively large changes in cc are detected

	insensitive in mature canopies (>60% cc)



(2) crosswalk of cover type classification system from WHR to Smith (2003) system introduces uncertainties



~38% uncertainty in carbon estimates due to uncertainty in canopy cover-to-biomass regression equations (> than the uncertainty in the national LULUCF inventory)



canopy-to-biomass regressions made little use of California FIA data.  Researchers identified other issues with CA’s FIA data. 



Soil-atmosphere GHG exchange neglected



Canopy cover change detection approach can’t detect contrasting biomass levels, changes resulting from different management/harvest practices



Extrapolation introduces uncertainties, assumes other years and regions of state behaved like the study region.
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Linkages, Needs, Opportunities

Collaboration (research, application development, review, capacity)

 Identify issues, areas for inventory update and improvement, new

 

science

 monitoring:  biomass, change detection, gases (FIA, AmeriFlux, NACP, etc.) 

Forest inventories and GHG flux inventories: related (reconcilable?)

 
Biomass/fuels, biomass change and gas exchange

 “Wall to wall”

 

statewide coverage, other landscapes, year-to-year

 
Forest modeling: forecast forests, climate/management scenarios

Presenter
Presentation Notes


Lists some concluding statements or items (in no particular order)



First, because of linkages between forest land management and climate protection, it is natural that there should be collaboration among agencies, other entities, and the scientific community.  Fortunately, examples of such collaborations exist such as WESTCARB, NACP, and others.



ARB and land management agencies have similar needs for geospatial and temporal data, modeling tools, and new science.



These include the need for monitoring processes occurring on the landscape at varieties of spatial and temporal scales, drawing upon the fields of forestry, earth, and atmospheric sciences.



There is also a need to model future forest trends in biomass and GHG fluxes, accounting for management, climate forcing, land use change or processes such as fire.
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Next Steps

Next editions of forest sector GHG inventory

 evolving approach: multiple lines of evidence

 combine modeling, monitoring (remote sensing, FIA, AmeriFlux, etc.)

 soil GHGs

 other land use: urban forests

 collaboration, peer review

Presenter
Presentation Notes
In the near term, ARB periodically will issue next editions of the inventory, reporting for more recent years or to revise estimates based on new information.



The approach at ARB to updating the forest GHG inventory is evolving, but may be characterised as seeking to draw upon “multiple lines of evidence” in the fields of forestry, earth, and atmospheric sciences, combining modeling and monitoring approaches.



Future editions of the GHG inventory will need to include other land use types and processes.



Throughout these efforts, ARB will seek opportunities for collaboration and peer review.
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ARB Contacts

Richard Bode –

 

Chief

 
Emissions Inventory Branch

 
rbode@arb.ca.gov 
(916) 323-8413 

Webster Tasat –

 

Manager

 
Emission Inventory Analysis Section

 
wtasat@arb.ca.gov 
(916) 323-4950 

Klaus Scott –

 

Forestry Inventory Lead Staff

 
Emission Inventory Analysis Section

 
kscott@arb.ca.gov 
(916) 327-0301 

GHG Inventory Website

 http://www.arb.ca.gov/cc/inventory/inventory.htm
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